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(54) DATA CONVERTER, COMPUTER, AND PRINTER 



(57) A plurality of conversion tables are stored in a 
computer. Color image data are converted into a spe- 
crfic data form expressible with inks provided in a print- 
ing apparatus in the following manner. The procedure 
first selects a conversion table corresporviing to a cur- 
rent printing condition of image among the plurality of 
conversion tables stored in the computer and stores the 
selected conversion table into a memory of a data con- 
verter. The procedure then supplies color image data of 
interest to be printed to the data converter and refers to 
the conversion table stored in the memory, so as to con- 
vert the color image data. The procedure accordingly 
enables the conversion table corresponding to the cur- 
rertt printing condition to be read from the computer for 
the use. This arrangement does not require a large 
number of conversion tables to be stored in the data 
converter, but enables conversion of the image data by 
referring to an appropriate conversion table, thereby 
attaining high picture-quality image printing, regardless 
of the printing condition. 
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Description 
Industrial Field 

[0001] The present invention relates to a technique 
that converts image data input from, for example, a 
computer, into a specific data form printable by a printer 
by referring to a preset conversion table and outputs the 
converted image data. 

Background Art 

[0002] In a color printer that is capable of printing 
color images, all colors are expressed by appropriately 
mixing a set of three primary colors, that is, cyan (C), 
magenta (M), and yellow (Y) (subtractive color mixture). 
In a computer, a digital camera, or another apparatus 
that supplies a color original to the printer, all colors are 
expressed by appropriately mixing another set of three 
primary colors, that is. red (R), green (G), and blue (B) 
(additive color mixture). Printing a color image accord- 
ingly requires conversion of the color expression using 
R, G. and B into the color expression using C, M, and Y. 
A general-purpose computer or a special data converter 
is used for such color conversion. The resolution of the 
color original supplied to the printer is not always coinci- 
dent with the resolution of the printer. The general-pur- 
pose computer or the data converter is also used to 
regulate the resolution of the color original to be coinci- 
dent with the resolution of the printer. 
[0003] A diversity of methods based on the Neuge- 
bauer theory have been known as the techniques of 
converting the color expression by additive mixture of R. 
G, and B into the color expression by subtractive mix- 
ture of C, M. and Y. Computation based on the Neuge- 
bauer theory at every time of color conversion 
undesirably lowers the speed of conversion. The tech- 
nique adopted in the color conversion with the computer 
or the data converter carries out theoretical computa- 
tion with regard to various values, summarizes the 
results of the theoretical conputation in the form of a 
conversion table, and refers to the conversion table to 
enable the quick color conversion. 
[0004] The color conversion with reference to the 
same conversion table may cause a subtle variation in 
color expressed on printing sheet, due to a variation in 
ground color of the printing sheet and a difference in 
compatibility of the printing sheet with inks. For exam- 
ple, an image printed on yellowish printing paper has a 
little yellowish tint. The resulting expressed color may 
also have a variation according to the degree of ink blot. 
In order to enable the accurate expression of colors in 
the original and thereby attain the high-quality printing, 
a number of conversion tables should be provided cor- 
responding to different types of printing paper An 
appropriate conversion table is then selected among the 
number of conversion tables for the color conversion 
process. 



[0005] Each conversion table, however, requires a 
large storage capacity. Storing all the potentially availa- 
ble conversion tables in the data converter undesirably 
makes the data converter bulky and increases the man- 

5 ufacturing cost thereof. Storing only a limited number of 
conversion tables in the data converter, on the other 
hand, may prevent the color conversion from being per- 
formed according to an appropriate conversion table. 
This may result in inaccurate reproduction of colors in 

10 the original and thereby lower the picture quality of the 
resulting printed image. 

[0006] The object of the present invention is thus to 
solve the above problems found In the prior art and to 
enable appropriate conversion of image data. 

IS 

Disclosure of the Invention 

[0007] At least part of the above and the other 
related objects is attained by a first data converter of the 

20 present invention. 

[0008] The first data converter of the present Inven- 
tion converts color image data input from a computer 
into a specific data form expressible with ink provided in 
a printing apparatus by referring to a preset conversion 

25 table and outputs the converted image data. The first 
data converter includes: a storage unit that stores the 
conversion table in a rewritable manner, wherein the 
conversion table is supplied from the computer corre- 
sponding to a current printing condition of image in the 

30 printing apparatus; an input unit that receives the color 
image data output from the computer; a conversion unit 
that refers to the conversion table stored in the storage 
unit and converts the color image data received by the 
input un'rt into the specific data form; and an output unit 

35 that outputs the converted image data. The first data 
converter is constructed as a separate body from the 
computer. 

[0009] In the first data converter of this configura- 
tion, the color image data input from the computer are 

40 converted into the specific data form, which is expressi- 
ble using inks provided in the printing apparatus, by 
referring to the preset conversion table. The conversion 
table, which is supplied from the computer according to 
the printing condition of image, is stored in a rewritable 

45 manner. The conversion of the data form is carried out 
by referring to the conversion table stored in the above 
manner. This arrangement enables a conversion table 
corresponding to the printing condition of image to be 
used without storing a large number of conversion 

so tables in the data converter. The data converter, which 
is separate from the computer, thus implements the 
required conversion adequately. 
[0010] In accordance with one preferable applica- 
tion of the present invention, the first data converter 

55 receives the conversion table in a compressed state 
from the computer and decode the compressed conver- 
sion table to be expanded in the storage unit. The com- 
pression of the conversion table reduces the amount of 
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data and thus favorably shortens the time required for 
the transfer of the conversion table from the computer. 
[001 1 ] In accordance with another preferable appli- 
cation of the present invention, the first data converter 
interpolates the conversion table supplied from the 
computer to a predetermined accuracy and expands the 
interpolated conversion table in the storage unit. The 
arrangement of carrying out the interpolation after the 
input of the conversion table is preferable to the 
arrangement of inputting the interpolated conversion 
table, since the former arrangement has the shorter 
time required for the transfer of the conversion table. 
The data converter Interpolates the input conversion 
table to a predetermined accuracy. Another advantage 
of this arrangement is no requirement of adjusting the 
accuracies of the respective conversion tables stored in 
the computer. 

[001 2] The conversion table and the accuracy of the 
conversion table in the specification hereof are 
described more in detail. The conversion table is a set of 
mapping combinations of numerical values represent- 
ing the mapping of the argument to the variable. Each 
value of an argument may be one-to-one mapped to the 
value of a variable. In many cases, however, a plurality 
of arguments determine the value of a variable. In this 
case, the group of plural arguments is one-to-one 
mapped to the variable. For example, in the case where 
the values of two arguments X and Y determine the 
value of one variable Z. the group including the two 
arguments (X.Y) is one-to-one mapped to the variable 
Z. The conversion table iri this case includes plural com- 
binations of the group of arguments with the variable. 
One conversion table generally includes plural combi- 
nations of the mapping numerical values. The conver- 
sion table in the specification hereof may, however, 
include only one combination of the mapping numerical 
values. 

[0013] The accuracy of the conversion table is 
specified by the graduation of the combinations of map- 
ping numerical values, which are included in the conver- 
sion table, with regard to a certain argument A variety 
of methods may be applied to express the graduation of 
the combinations of mapping numerical values. For 
example, when combinations of mapping numerical val- 
ues are present at equal intervals with regard to an 
argument of interest, the interval between the adjoining 
combinations of mapping numerical values may repre- 
sent tiie accuracy. In another example, in the case 
where an argument of interest is in a fixed range, the 
total number of combinations of mapping numerical val- 
ues may represent the accuracy. In the specification 
hereof, any method may be applied to express the grad- 
uation of the combinations of mapping numerical val- 
ues. 

[0014] In accordance with st'll another preferable 
application of the present invention, the first data con- 
verter receives a cun-ent printing condition of image in 
addition to the color image data. Only when the input 



printing condition is not coincident with a printing condi- 
tion con-esponding to the conversion table stored in the 
data converter, tiie data converter receives another 
conversion table con^esponding to the input printing 

5 condition from the computer. When the input printing 
condition is coincident with the printing condition corre- 
sponding to the stored conversion tattle, it is thought 
that the conversion table currently input from the com- 
puter is identical with the stored conversion table. It is 

10 thus not required to currentiy receive the conversion 
table from the computer. Only in the case where the two 
printing concfitions are different from each other, the 
new conversion table is input from the computer. This 
arrangement favorably prevents the same conversion 

15 table from being unnecessarily input a plurality of times 
into the data converter. 

[001 5] In accordance with another preferable appli- 
cation of tiie present invention, the first data converter 
stores a plurality of conversion tables, which are 

20 selected by the computer at least based on combina- 
tions of a printing resolution of the printing apparatus 
and a type of printing paper and supplied from tiie com- 
puter. The data converter then receives an image 
attribute, which determines whether or not the image of ' 

25 interest to be printed is a natural image, in addition to 
the color image data from the computer. The image 
attribute in the specification hereof represents a charac- 
teristic of the image of interest specified by whethenthe 
image is a natural image. The first data converter may 

30 carry out the conversion of color image data while 
changing over a working conversion table to be referred 
to in a unit of pixel based on the image attributa In. the 
case where the image of interest to be printed is a com- 
bination of several images, this arrangement advanta- 

35 geously ensures the appropriate data conversion by 
referring to the conversion table suitable for each image. 
[0016] At least part of the above and the other 
related objects is further attained by a computer that 
supplies color image data to a data converter, where the 

40 data converter converts the color image data into a spe- 
cific data form expressible with Ink provided In a printing 
apparatus by referring to a preset conversion table and 
outputting the converted image data. The computer 
includes: an image data output unit that outputs the 

45 color image data to the data converter; a conversion 
table storage unit that stores a diversity of the conver- 
sion tables mapped to a diversity of printing conditions 
of image; a conversion table selection unit that selects a 
working conversion table corresponding to a current 

so printing condition of image in tiie printing apparatus, 
among the diversity of conversion tables stored in the 
conversion table storage unit; and a conversion table 
output unit that outputs the selected conversion table to 
the data converter, prior to the conversion of the color 

55 image data. The computer is constructed as a separate 
body from the data converter. 

[0017] The computer of tiie preserrt invention sup- 
plies color image data to a data converter, which is pro- 
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vided separately from the computer. The data converter 
refers to the preset conversion table and thereby con- 
verts the input image data into the specific data form 
expressible with ink provided in the printing apparatus. 
The computer selects a working conversion table corre- 
sponding to the current printing condition of image, 
among the diversity of conversion tables stored corre- 
sponding to the diversity of printing conditions of image, 
and supplies the selected conversion table to the data 
converter. The data converter carries out the conversion 
of the input color image data by referring to the working 
conversion table supplied from the computer. This 
arrangement causes the computer to supply the work- 
ing conversion table corresponding to the current print- 
ing condition of image, and thus enables the data 
converter to adequately carry out the required data con- 
version without storing a large number of conversion 
tables in the data converter. 

[0018] In accordance with one preferable applica- 
tion of the present invention, the computer stores the 
diversity of conversion tables mapped to the diversity of 
printing conditions of image in a compressive manner. 
The selected conversion table, which has been stored in 
the compressive manner, is decoded and then output to 
the data converter. This arrangement desirably reduces 
the required storage capacity of the computer for storing 
the diversity of conversion tables. The computer 
decodes the compressed conversion table, so that the 
data converter is not required to have the decoding 
function. This arrangement thus desirably reduces the 
size and the manufacturing cost of the data converter. 
[0019] In accordance with another preferable appli- 
cation of the present invention, the computer interpo- 
lates each of the stored conversion tables to a 
predetermined accuracy, before outputting the working 
conversion table to the data converter. The conversion 
tables before the interpolation require a less storage 
capacity than the conversion tables after the interpola- 
tion. The an-angement of storing the diversity of conver- 
sion tables in the state before the interpolation thus 
desirably reduces the required storage capacity for the 
conversion tables. The working conversion table is out- 
put to the data converter after being interpolated to a 
predetermined accuracy. Another advantage of this 
arrangement is that ttiere is no necessity of storing the 
diversity of conversion tables with a fixed accuracy in 
the computer. The computer carries out the interpola- 
tion of the conversion table. The data converter is thus 
not required to have the interpolation function. This 
arrangement thus desirably reduces the size and the 
manufacturing cost of the data converter. 
[0020] In accordance with still another preferable 
application of the present invention, the computer 
selects the working conversion table, at least t>ased on 
a combination of a printing resolution of the printing 
apparatus and a type of printing paper as the printing 
conditions of image. In some cases, the conversion 
table to be referred to should be changed according to 



the printing resolution of the printing apparatus and the 
printing paper. Selection of the working conversion table 
based on such conditions means selection of the work- 
ing conversion table corresponding to tiie current print- 
5 ing condition of image. The reason for changing tiie 
conversion table according to the printing resolution of 
the printing apparatus and the printing paper will be dis- 
cussed later. 

[0021] The computer of the present invention may 

10 have another preferable application. The computer of 
this application stores a printing condition con^espond- 
ing to the latest conversion table supplied to the data 
converter In the course of the conversion of color image 
data, the computer compares the stored printing condi- 

15 tion with the current printing condition of image, in order 
to carry out identification. In the case where the two 
printing conditions are not coincident with each other, 
the computer supplies the selected conversion table to 
the data converter and updates the stored printing con- 

20 dition corresponding to the selected conversion table. 
This arrangement causes the selected conversion table 
to be output only when it is required to rewrite the con- 
version table stored in the data converter. This favorably 
saves the time required for output of the conversion 

25 table. 

[0022] The computer of the present invention may 
have still another preferable application. The computer 
of tills application stores the diversity of conversion 
tables mapped to respective combinations of condi- 

30 tions, which include at least a printing resolution of the 
printing apparatus, a type of printing paper, and the 
image attribute. In the course of the conversion of color 
image data, the computer selects a plurality of conver- 
sion tables having different image attributes, at least 

35 based on combinations of the printing resolution of the 
printing apparatus and the type of printing paper, and 
outputs the plurality of selected conversion tables to the 
data converter. The computer subsequentiy identifies 
an image attribute of an image of interest to be printed, 

40 and supplies the identified Image attribute, in addition to 
tiie color Image data, to the data converter. The conpu- 
ter gives an instruction based on the identified image 
attribute, so as to change over a working conversion 
table, which is to be referred to for the data conversion, 

45 in a unit of pixel. In the case where the image of interest 
to be printed is a combination of several images, this 
arrangement advantageously ensures the appropriate 
data conversion by referring to the conversion table suit- 
able for each image. 

so [0023] At least part of the above and the other 
related objects is also attained by a second data con- 
verter that converts color image data input from an 
imaging device, such as a digital camera or a color 
scanner, into a specific data form ^ressiUe with Ink 

55 provided in a printing apparatus by referring to a preset 
conversion table and outputs tiie converted image data. 
The second data converter includes: a conversion table 
storage unit that stores a diversity of the conversion 
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tables mapped to a diversity of printing conditions of 
image; a conversion table selection unit that selects a 
working conversion table correspoiding to a current 
printing condition of image, among the diversity of con- 
version tables stored in the conversion table selection 
unit; an input unit that receives the color image data; a 
conversion unit that converts the color image data 
received by the input unit by referring to the working 
conversion table selected by the conversion table selec- 
tion unit; and an output unit that outputs the converted 
image data. The second data converter is constructed 
as a separate body from the imaging device. 
[0024] The second data converter of the present 
invention converts the color image data input from an 
imaging device, such as a digital camera or a scanner, 
into the specific data form expressible with ink provided 
in the printing apparatus by referring to the preset con- 
version table. The data converter selects a working con- 
version table corresponding to a current printing 
condition of image among the diversity of conversion 
tables stored therein and converts the data form of the 
color image data supplied from the imaging device by 
referring to the selected conversion table. This arrange- 
ment desirably enables the color image data to be out- 
put from the imaging device to the data converter not via 
a computer but directly The data converter then carries 
out the conversion of the input color image data into the 
specific data form expressble with ink provided in the 
printing apparatus. 

[0025] in accordance with one preferable applica- 
tion of the present Invention, the conversion table is sup- 
plied from the imaging device to the second data 
converter. The second data converter of this arrange- 
ment receives the required conversion table as well as 
the image data from the imaging device at the time of 
conversion of the data form. 

[0026] It is preferable that the second data con- 
verter of this arrangement communicates with a compu- 
ter, which Is constructed as a separate body from the 
data converter, to receive a conversion table transferred 
from the computer, and rewrites the contents of storage 
in the data converter based on the transferred conver- 
sion table. This arrangement causes the required con- 
version table to be transferred from the computer and 
accordingly enables the color image data to be appro- 
priately converted without storing all the available con- 
version tables in the data converter. 
[0027] In accordance with another preferable appli- 
cation of the present invention, a standard conversion 
table is stored in advance in the second data converter. 
When the conversion table conresponding to the cun^ent 
printing condition of image is not present in the conver- 
sion table storage unit, the data converter of this appli- 
cation refers to the standard conversion table to carry 
out the conversion of the color image data. The appro- 
priately selected conversion table is stored as the stand- 
ard conversion table. Even if the conresponding 
conversion table is not present In the conversion table 



storage unit, this arrangement desirably ensures the 
resulting printed image of favorable picture quality. 
[0028] At least part of the above and the other 
related objects is further attained by a printing system, 

5 which includes: a data converter in accordance with 
either one of claims 1 and 12; and a printing apparatus 
that receives image data having a specific data form 
converted by the data converter and prints an image 
corresponding to the input image data. The data con- 

10 verter is constructed integrally with the printing appara- 
tus, 

[0029] The printing system of the present invention 
receives the image data converted into the specific data 
form from the data converter in accordance with either 

75 one of dahns 1 and 12, which is constructed Integrally 
with the printing apparatus, and prints an image corre- 
sponding to the input image data. This arrangement 
favorably reduces the total size of the printing apparatus 
and the data converter. 

20 [0030] At least part of the above and the other 
related objects is also attained by a method of convert- 
ing color image data output from a computer into a spe- 
cific data form expressible with ink provided in a printing 
apparatus by referring to a preset conversion table, and 

25 outputting the converted Image data. The method 
includes the steps of: selecting a conversion table corre- 
sponding to a cun-ent printing condition of image among 
a diversity of conversion tables stored in advance:in the 
computer; storing the selected conversion table in a 

30 rewritable manner in a data converter, which is provided 
separately from the computer; and referring to the 
stored conversion table, so as to convert the image data 
supplied from the computer. 

[0031] This method of data conversion converts the 
35 color image data output from the computer into the spe- 
cific data form expressible with ink provided in the print- 
ing apparatus by referring to the preset conversion 
table, and outputs the converted color image data. The 
preset conversion table referred to for the data conver- 
40 sion is supplied from the computer and stored in a rewri- 
table manner in the data converter. Namely the method 
carries out the data conversion by referring to the appro- 
priate conversion table, which corresponds to the cur- 
rent printing condition and is supplied from the 
45 computer. This arrangement enables the required data 
conversion to be appropriately performed without 
requiring a large number of conversion tables to be 
stored in the data converter. 

[0032] The present invention is further directed to 
50 another data converter that converts color image data 
Input from a computer into a specific data form express- 
ible with ink provided in a printing apparatus by referring 
to a preset conversion table and outputs the converted 
Image data. The another data converter includes: a 
55 storage unit that stores the conversion table in a rewrita- 
ble manner, wherein the conversion table is supplied 
from the computer corresponding to a current printing 
condition of image; an input unit that receives the color 
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image data; a conversion unit that refers to the conver- 
sion table stored in the storage unit and converts the 
color image data received by the input unit; and an out- 
put unit that outputs the converted image data. The data 
converter is attached to the computer. 

Brief Description of the Drawinos 
[0033] 

Rg. 1 illustrates the structure of a printing system 

including a data converter in one embodiment 

according to the present invention; 

Rg. 2 schematically illustrates the structure of a 

printer used in the enr^odiment; 

Rg. 3 shows the principle of dot creation by the 

printer used in the embodiment; 

Rg. 4 is a flowchart showing the outline of a data 

conversion process executed in the embodiment; 

Rg. 5 conceptually shows an example of an under 

color removable process; 

Rg. 6 conceptually shows an example of a half ton- 
ing process; 

Rg. 7 conceptually shows an example of a conver- 
sion table used in the embodiment; 
Rg. 8 conceptually shows the Neugebauer theory; 
Rg. 9 shows examples of observed spectral char- 
acteristics of inks used for color printing; 
Rg. 10 is a flowchart showing a processing routine 
executed in the embodiment; 
Rg. 1 1 is a mapping table stored in the computer of 
the embodiment; 

Rg. 12 is a flowchart showing a conversion table 
output routine executed in the embodiment; 
Rg. 13 is a flowchart showing another processing 
routine executed in the embodiment; 
Rg. 14 is a flowchart showing still another process- 
ing routine executed in the enrbodiment; 
Rg. 15 is a flowchart showing another processing 
routine executed in the embodiment; 
Rg. 16 is a flowchart showing a processing routine 
that carries out data conversion by changing over a 
working conversion table according to the image 
attribute; 

Rg. 17 is a block diagram showing a supply of 
image data from imaging devices, such as a digital 
camera, in the embodiment; 
Rg. 18 is a flowchart showing a processing routine 
that carries out data conversion using a standard 
conversion table; and 

Rg. 19 illustrates other possible applications of the 
embodiment. 

Best Modes of Carrvino Out the Invention 

1 . Structure of Apparatus 

[0034] One mode of carrying out the present inven- 



tion is described below as a preferred embodiment. Rg. 
1 illustrates the struaure of a printing system including 
a data converter 10 in the embodiment of the present 
invention. The illustrated printing system includes the 

5 data converter 10 connected to a computer 80 and a 
printer 20. The computer SO reads and executes prede- 
termined programs to function, in combination with the 
data converter 1 0 and the printer 20, as the printing sys- 
tem as a whole. The computer 80 outputs color image 

70 data ORG to the data converter 10. The data converter 
10 converts the input color image data ORG into a spe- 
cific data form printable by the printer 20 and outputs 
converted color image data FNL to the printer 20. The 
printer 20 creates dots on printing paper, based on the 

75 converted color image data FNL input from the data 
converter 10, so as to print a color image. The series of 
the processing enables a resulting color image corre- 
sponding to the color image data output from the com- 
puter to be recorded on the printing paper. 

20 [0035] The computer 80 includes a CPU 81 that 
executes a variety of operations, a ROM 82, a RAM 83, 
a hard disk 84, and an interface 85. These elements are 
mutually connected via a bus (not shown), so as to allow 
mutual transmission of data. A diversity of progranrs 

25 and data required for the execution of the various oper- 
ations by tiie CPU 81 are stored in advance in the ROM 
82. A diversity of programs and data required for the 
execution of the various operations by the CPU 81 are 
registered temporarily in the RAM 83. The hard disk 84 

30 is used to store a diversity of programs and data that 
can not been stored in the ROM 82 or the RAM 83, 
because of the limited storage capacities thereof. The 
interface 85 causes ttie computer 80 to transmit data to 
and from external equipment. 

35 [0036] A color scanner 24 connected externally to 
tile computer 80 reads a color original and converts the 
scanned color original into image data recognizable by 
the computer 80. Connection of tiie computer 80 with a 
public telephone network PNT via a modem 91 enables 

40 tiie computer 80 to receive any required data from a 
server SV that is present on an outside network. 
[0037] A supply of electric power to the computer 
80 activates the operating system stored in the ROM 82 
and the hard disk 84 and runs a variety of application 

45 programs urKler the control of the operating system. 
Color originals to be printed are prepared using the 
application programs and output to the data converter 
1 0 via the Interface 85. Color images input from tiie out- 
side via the color scanner 24 or the modem 91 are also 

50 processed to color originals using the application pro- 
grams. 

[0038] The data converter 10 includes a CPU 11 
that executes a variety of operations, a ROM 12 in which 
a diversity of programs and data required for the various 
55 operations are stored in advance, a RAM a13. in which 
data input from the computer 80 are registered, a RAM 
b14. in which results of the various operations are tem- 
porarily registered, an interface 15 tiiat receives data 
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input from the outside, and an interface 16 that outputs 
data to the outside. These elements are mutually con- 
nected via a bus 1 7, so as to allow mutual transmission 
of data. A supply of electric power to the data converter 
10 activates the programs stored in the ROM 12 to 
make the data converter 1 0 ready for the data input from 
the computer 80. 

[0039] In the process of data conversion, the com- 
puter 80 outputs first a variety of required data for the 
data conversion to the data converter 10 and subse- 
quently the color image data ORG. The data converter 
10 causes the variety of required data for the data con- 
version to be registered in the RAM a13 and converts 
the subsequently input color image data ORG into a 
data form printable by the prirrter 20. The CPU 11 
included in the data converter 10 carries out the data 
conversion according to a predetermined program. The 
converted data are temporarily registered In the RAM 
b14 and output via the interface 16 as the color image 
data FNL of a specific data form printable by the printer 
20. 

[0040] The printer 20 is a color printer that is capa- 
ble of printing color images. The printer 20 adopted in 
this embodiment is an ink jet printer that creates dots of 
four different color Inks, that is, cyan .magenta, yellow, 
and black, to print a color image on printing paper. Other 
printers, such as a laser printer and a thermal transfer 
printer, may also be used for the printer 20. 
[0041] Fig. 2 schematically illustrates the structure 
of the color printer 20 in this embodiment. The color 
printer 20 has a mechanism of driving a print head 41 
mounted on a canriage 40 to implement ink ejection and 
dot creation, a mechanism of moving the carriage 40 
forward and backward along an axis of a platen 36 by 
means of a carriage motor 30. a mechanism of feeding 
a sheet of printing paper P by means of a sheet feed 
motor 35. and a control circuit 50. The mechanism of 
reciprocating the carnage 40 along the axis of the 
platen 36 includes a sliding shaft 33 that slidably holds 
the canriage 40 arranged in parallel with the axis of the 
platen 36. a pulley 32 that is linked with the carriage 
motor 30 via an endless drive belt 31 spanned therebe* 
tween, and a position sensor 34 that detects the posi- 
tion of the origin of the carriage 40. The mechanism of 
feeding the printing paper P includes the platen 36. ffie 
sheet feed motor 35 that rotates the platen 36. a sheet- 
feed assist roller (not shown), and a gear train (not 
shown) that transmits the rotaton of the sheet feed 
motor 35 to the platen 36 and the sheet-feed assist 
roller. The control circuit 50 transmits signals to and 
from a control panel 51 of the printer 20 and adequately 
controls the operations of the sheet feed motor 35. the 
carriage motor 30. and the print head 41 . The sheet of 
printing paper P fed to the color prirrter 20 is held 
between the platen 36 and the sheet-feed assist roller 
and fed by a predetermined length according to a rota- 
tional angle of the platen 36. Ink cartridges 42 and 43 
are detachably attadied to the carriage 40. Each ink 



kept In the ink cartridge is ejected from the print head 41 
to create dots on the printing paper according to the 
method discussed below. 

[0042] Fig. 3(a) shows the internal structure of 
5 respective ink ejection heads. Forty eight nozzles Nz 
are formed in each of the ink ejection heads 44 through 
47 conresponding to the respective color inks. Each 
nozzle has an ink conduit 48 and a piezoelectric ele- 
ment PE arranged on the ink conduit 48. As is known by 
10 those skilled in the art, the piezoelectric element PE 
deforms its crystal structure by application of a voltage 
and implements an extremely high-speed conversion of 
electrical energy into mechanical energy. In this embod- 
iment, when a preset voltage is applied between elec- 
ts trodes on either end of the piezoelectric elements PE for 
a predetermined time period, the piezoelectric element 
PE is expanded for the predetermined time period to 
deform one side wall of the ink conduit 48 as shown in 
Fig. 3(b). The volume of the ink conduit 48 is reduced 
20 according to the expansion of the piezoelectric element 
PE. A certain quantity of ink corresponding to the reduc- 
tion Is ejected as an ink particle ip from the nozzle Nz at 
a high speed. The ink particle Ip soaks into the printing 
paper P set on the platen 36 and thereby creates a dot 
25 on the printing paper R 

[0043] The color printer 20 having the hardware 
configuration discussed above driv^ the carriage motor 
30 to move the ink ejection heads 44 through 47 of the 
respective color inks relative to the printing paper P in a 
30 main scanning direction, and drives the sheet feed 
motor 35 to shift the printing paper P in a sub-scanning 
direction. Under the control of the control circuit 50. tiie 
print head 41 is driven at adequate timings while the 
main scans and the sub-scans of the carriage 40 are 
35 repeated. The color printer 20 accordingly prints a color 
image on the printing paper. 

[0044] The color printer 20 adopted in this embodi- 
ment uses piezoelectric elements PE to eject ink as dis- 
cussed above. The principle of ttie present invention 

40 may, however, be applied to other printers that eject ink 
according to different techniques. For example, the 
technique of the present invention may be applicable to 
a printer that ejects ink by means of bubbles that are 
generated in an ink conduit by a supply of electricity to 

45 a heater disposed in tiie ink conduit. 

2. Derta Conversion Process 

[0045] The color printer 20 has the function of print- 
so ing color images. The data form of image data processi- 
bte by the color printer 20 is, however, not coincident 
with the data form of image data processible by the 
computer 80 and otiier imaging devices, such as a dig- 
ital camera. Conversion of the data form is accordingly 
55 required to enable a color image input from, for exam- 
ple, the computer 80 to be printed by the color printer 
20. Fig. 4 is a flowchart showing tiie outiine of a data 
conversion process. 
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[0046] The computer 80 processes an image as 
matrix data, which are like a large table including a large 
number of numerals arranged in columns and rows (for 
example. 1000 columns and 1000 rows). Each box unit 
in the table is referred to as the pixel. The computer 80 
interprets the value of each pixel (that is, the tone value) 
as the brightness at the point. A black and white image 
is considered to be a distribution of bright points and 
dark points on a plane. The black and white image Is 
accordingly expressed by an adequate distribution of 
the tone values. In the computer 80. the tone value gen- 
erally takes any value in the range of 0 to 255. The tone 
value equal to 0 represents the darkest state, and the 
tone value equal to 255 represents the brightest state. 
The computer 80 processes a color image as a com- 
posite of an R image, a G image, and a B image, that is, 
contrast images of red, green, and blue colors. 
[0047] In order to cause the image data to be 
printed by the printer 20. the procedure first carries out 
a resolution conversion process (step S110) as dis- 
cussed below. It is here assumed that image data 
including pixels of 1000 in length x 1000 in width are 
printed in an area of the printing paper defined by the 
dimensions of 10 cm in length by 10 cm in width. In this 
case, one pixel corresponds to 1 mm on the printing 
paper. The mapping of one pixel to the length on the 
printing paper naturally depends upon the area in which 
the image is to be printed. Each printer creates an intrin- 
sically designed number of dots per unit length. Namely 
the number of dots created per each pixel is varied 
according to the area in which the image is to be 
printed. The varying number of dots created per each 
pixel is inconvenient to the data processing. It is accord- 
ingly desirable to regulate the number of dots created 
per each pixel to a preset value by skipping some pixels 
to reduce the total number of pixels or by carrying out 
interpolation to increase the total number of pixels. This 
process is generally referred to as the resolution con- 
version process. 

[0048] After the resolution conversion process, the 
procedure starts a cotor conversion process at step 
S112. As described previously, the computer generally 
expresses color Images with a set of three colors, that 
is, red (R), green (Q), and blue (B), whereas the printer 
typically expresses color images with another set of 
three colors, that is, cyan (C), magenta (M), and yellow 
(Y). It is accordingly required to convert the color 
e)cpression using the three colors R, G, and B to the 
color expression using the another three colors C, M, 
and Y. The color conversion process implements such 
conversion. The color conversion process converts R. 
G, and 6 image data, each having 256 tones, into C, M, 
and Y image data, each having 256 tones. The details 
of such color conversion will be discussed later. 
[0049] The color conversion process includes an 
under color removal process. The under color removal 
process extracts a black color (K) component from the 
C, M. and Y image data, so as to generate image data 



of the four colors C. M, Y, and K. The concept of the 
under color removal is shown in Fig. 5. Fig. 5(a) shows 
tone values of a pixel, which is subject to the under color 
removal. In this example, the pixel has the tone values 

5 of C. M, and Y equal to Vc, Vm, and Vy, respectively In 
theory, mixing equal quantities of the three colors C, M, 
and Y gives K (black color). Namely the state of Fig. 5(a) 
is replaced by the state of Fig. 5(b) where K of the tone 
value Vy, C of a tone value (Vc-Vy), and M of a tone 

70 value (Vm-Vy) are mixed. This replaces equal quantities 
of the three color inks C. M. and Y with the equal quan- 
tity of one color ink K and thereby decreases the total 
quantity of ink consumption, which is desirable from the 
viewpoint of the ink duty. Another effect is to make the 

15 printed image sharper as a whole. In the actual state, 
the replacement is not performed theoretically by taking 
into account the lowered lightness of the whole image. 
The actual procedure replaces K of a tone value Vk, 
which is smaller than Vy. for the equal quantities of the 

20 three color C. M. and Y (see Fig. 5(c)). This implements 
the under color removal. 

[0050] Referring back to Fig. 4. after the color con- 
version process, the procedure starts a halftoning proc- 
ess at step S1 14. The cobr-converted image data are 

2S matrix data of four colors C, M. Y. and K. Each pixel 
takes a tone value selected out of the 256 tones (see 
Fig. 6(a)). The printer creates dots to print an image on 
the printing paper, and typically has only two levels, that 
is, dot-on and dot-off. There are variable dot printers 

30 and other multi-level printers that can print multi-level 
dots including an intermediate state, for example, by 
varying the size of the dot to be created. These printers, 
however, still have a relatively small number of express- 
ible tones. It is thus required to convert the image hav- 

35 ing 256 tones irrto an image having an extremely small 
number of tones expressible by the dot on-off condi- 
tions. Such conversion is called the halftoning process. 
Fig. 6 shows an example of the halftoning process. Rg. 
6(a) shows the color-converted image data prior to the 

40 halftoning process, and Fig. 6(b) shows the image data 
after the halftoning process. One of the 256 tone values 
is written in each pixel included in the image that is sufc>- 
ject to the halftoning process. After the halftoning proc- 
ess, each pixel has one of the two levels, that is, the dot 

45 ON or the dot OFF. 

[0051] The simple binarization process of the 
image data having 256 tones compares the tone value 
of each pixel with a predetermined threshold value and 
carries out the binarization based on the results of the 

so comparison. A resulting printed image after such binari- 
zation process may. however, cause a phantom outline, 
which is actually not present in the original image. In 
order to avoid such troubles, a diversity of methods 
have been proposed and widely used for the halftoning 

55 process: for example, the systematic dither method and 
the error diffusion method. 

[0052] Referring back again to Fig. 4, after the half- 
toning process, the procedure rearranges the pixels at 
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step S1 1 6. The processing of step S11 6 rearranges the 
data converted by the halftoning process to the form 
representing the dot-on and — off conditions in a spe- 
crfic sequence to be transfenred to the printer 20. As 
mentioned previously, the printer 20 drives the print 
head 41 while repeating the main scans and the sub- 
scans of the carriage 40, so as to create dots on the 
printing paper R The pixel rearrangement process rear- 
ranges the image data representing the dot-on and 
— off conditions in a specific order, according to which 
the print head 41 creates dots, by taking into account 
the movements of the carriage 40. The rearranged 
image data are output as the image data FNL of the 
data form printable by the printer 20. This completes the 
series of the data conversion process. 

3. Color Conversion 

[0053] The conversion of the color expression using 
R. G. and B into the color expression using C, M. and Y 
is carried out by referring to a preset conversion table. 
Fig. 7 conceptually shows a conversion table that is 
referred to in the process of color conversion. As dis- 
cussed above, the computer 80 combines the R. G, and 
B images together to express a color image. Each of the 
pixels constituting the respective images takes a tone 
value in the range of 10 to 255. A three-dimensional 
space (RGB color space) defined here has three axes 
representing tone values of R, G, and B. Each color 
expressed on the computer is mapped to the coordi- 
nates of one point included in a cube of 255 shown in 
Fig. 7. The cube is divided into small cubes as shown in 
Fig. 7. The expression of the color defined by the coor- 
dinates at each vertex of each small cube is changed 
from the color system using R, G. and B to the color sys- 
tem using C. M, and Y. The results of the conversion are 
stored at each vertex. This gives a set of mapping pairs 
of numerical values, each representing the mapping of 
the coordinates in the RGB color space to the tone val- 
ues of C. M, and Y The color conversion is carried out 
in the following manner by referring to the conversion 
table thus created. 

[0054] The method of computing the tone values of 
C. M, and Y from the coordinates values of each vertex 
included in the RGB color space will be discussed later. 
The number of the mapping pairs of the coordinates in 
the RGB color space and the tone values of C. M, and Y 
is the third power of the number of divisions on each 
side of the cube. Each vertex of the cube has three 
coordinates values in the RGB color space and the 
three tone values of C. M, and Y The conversion table 
accordingly includes a large number of data, and an 
extremely large storage capacity is required to store the 
conversion table. 

[0055] The color expression using R. G, and B is 
readily converted into the color expression using C. M. 
and Y by referring to the conversion table. The following 
desaiption regards an example, in which a certain color 



expressed by a point A in the RGB color space shown in 
Fig. 7 is converted into the color expression by C. M. 
and Y. The procedure first selects a small cube (dV) 
including the point A among a number of small cubes 

5 divided in the process of creating the converting table. 
There is only one small cube including the point A, 
unless the point A is present on any side of the small 
cube. In the case where the point A is present on any 
one side of the small cube, an arbitrary small cube 

w including the point A should be selected. The procedure 
then refers to the conversion table created in advance 
and reads the tone values of C, M, and Y with regard to 
the respective vertexes of the selected small cube. The 
procedure subsequently interpolates the tone values of 

75 C, M , and Y with regard to the respective vertexes. so as 
to determine the tone values of 0, M. and Y with regard 
to the point A. based on the positional relationship 
l^etween these vertexes and the point A in the RGB 
color space. A diversity of known methods, for example. 

20 the linear irrterpolation method, may be applied for this 
interpolation. 

[0056] The tone values of C. M. and Y with regard to 
each vertex of the division or small cube is calculated 
from the coordinate values of the vertex in the RGB 

25 color space according to the following procedure. The 
Neugebauer theory is applied for this calculation, and a 
variety of techniques based on the Neugebauer theory 
have been proposed. The Neugebauer theory well 
explains the reason why the conversion table to be 

30 referred to should be changed by the variation in print- 
ing resolution of the printing apparatus and the differ- 
ence in type of printing paper. The Neugebauer theory 
is briefly described below. 

[0057] In the case where the three color inks. C, M. 

35 and Y, are used for printing, there are eight possible 
states of ink mixing. The eight possible states include 
the unmixed, pure states of the respective inks, C. M, 
and Y. the mixed state of C and M. the mixed state of C 
and Y, the mixed state of Y and M, the mixed state of all 

40 the three inks C. M. and Y, and the state of no presence 
of any inks. Fig. 8(a) schematically illustrates these 
eight possible states. The color expressed in a minute 
area on the printing paper is specified by the proportion 
of these eight possible states and the stimulus values 

45 allocated to the respective states. 

[0058] The stimulus values of a certain color are 
numerical values representing the degrees of reddish 
tint, greenish tint, and bluish tint given by the certain 
color. There are three stimulus values of R. G, and B 

so corresponding to the red, green, and blue colors. The 
stimulus values are determined by photoelectric tristim- 
ulus colorimetry or spectroscopic tristimuius colonme- 
try. Determining one set of the R. G. and B stimulus 
values specifies one color. 

55 [0059] Determination of the R, G, and B stimulus 
values with regard to a minute area on the printing 
paper accordingly enables specification of the color 
expressed in the minute area. The R stimulus value with 
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regard to the minute area is obtained by accumuiating 
the R stimulus values allocated to the eight possible 
states with weights of area fractions. The G stimulus 
vaiue and the B stimulus value are obtained in a similar 
manner. The R, G, and B stimulus values with regard to 
the minute area are calculated from the observed R. G. 
and B stimulus values with regard to the eight possible 
states and the area fractions of the respective states. 
[0060] The Neugebauer theory assumes that the 
respective color inks C, M, and Y stochastically overlap, 
and calculates R. G, and B stimulus values Rf, Gf, and 
Bf with regard to the minute area according to Equation 
(1) given below, where kc. km, and ky respectively 
denote the dot percents of the C, M, and Y inks. The 
expression of 'stochastically overlap' here means that 
there is no specific consideration to avoid the overlap of 
the respective color inks. The 'dot percent' here repre- 
sents an area fraction of each color ink in the minute 
area. The area fractions of the C, M, and Y Inks are sub- 
stantially equivalent to the tone values of C. M, and Y. 
[0061] Rw. Rc. Rm, and Ry respectively denote the 
R stimulus value of the ground color of printing paper, 
the R stimulus value by the C ink, the R stinmjius value 
by the M ink. and the R stimulus value by the Y ink. Rem 
denotes the R stimulus value in the overlapped area of 
the C ink and the M ink, Rmy denotes the R stimulus 
vaiue in the overlapped area of the M ink and the Y ink, 
and Rye denotes the R stimulus value in the overlapped 
area of the Y ink and the C ink. Rcmy denotes the R 
stimulus value in the overlapped area of the C, M, and Y 
color inks. Like the R stimulus values, the G stimulus 
values and the B stimulus values are defined with 
regard to the ground color of printing paper and the 
overlap of the respective color inks. 
[0062] Application of the Neugebauer theory ena- 
bles conversion of the color expression using R, Q, and 
B into the color expression using C, M, and Y. The con- 
version is implemented by calculating Equation (1] 
given above to find a set of C. M, and Y tone values 
mapped to the R, G, and B tone values of a desired 
color. Such calculation, however, requires an undesira- 
bly long time. It is thus practically impossible to carry out 
such calculation and color conversion with regard to 
each pixel in the process of printing a color image. The 
techruque of the present invention accordingly stores 
the conversion table discussed previously and refers to 
the conversion table for quick color conversion. 
[0063] The Neugebauer theory well explains the 
reason why the conversion table to be referred to should 
be changed by the variation in ink blot due to the differ- 
ence in type of printing paper and the variation in print- 
ing resolution of the printing apparatus. Rg. 8{b) shows 
the eight possible states of ink mixing with regard to 
another type of printing paper that has a greater degree 
of ink blot than that of the type of printing paper adopted 
in Fig. 8(a). The comparison between these two dia- 
grams shows that the proportion of the eight possible 
states of ink mixing is significantiy varied by the degree 



of ink blot of tiie printing paper. In general, tiie stimulus 
value in an overlapped area of plural inks is different 
from the sum of tiie stimulus values of the con-espond- 
ing inks in the unmixed, pure state. The variation in mix- 
5 ing state of inks varies the resulting color expression. In 
some cases, tiie conversion table used for the color 
conversion should tiius be changed according to tiie 
variation in ink blot due to the difference in type of print- 
ing paper. 

10 [0064] The Neugebauer theory also explains tiie 
reason why the conversion table should be changed by 
the variation in printing resolution of the printing appara- 
tus. The higher printing resolution increases the number 
of ink dots created per minute area. Since the size of the 
75 dot is fixed, however, the higher printing resolution 
results in increasing the fractions of the overlapped 
areas of plural inks and thereby causes the state of Fig. 
8(b). In some cases, the conversion table should thus 
be changed by the variation in printing resolution. 
20 [0065] In some cases, the conversion table should 
further be changed by the type of inks used for printing. 
Fig. 9 is graphs showing the observed wavelengths of 
reflected rays when ink is irradiated with white light. Rg. 
9(a) shows the case of ideal inks, and Fig. 9(b) shows 
25 the case of actual inks. It is generally assumed that the 
respective inks C, M. and Y have the ideal characteris- 
tics as shown in Rg. 9(a), The conversion table used in 
the actual state should, however, be specified by taking 
into account tiie characteristics of tiie actual inks. Rg. 
30 9(b) shows the results of the measurement with regard 
to two different sets of inks C, M. and Y. Between tiie 
two sets of inks, while tiie characteristics of tiie yellow 
ink (Y) are practically the same, tiie characteristics of 
tiie cyan ink (C) and the magenta ink (M) are signifi- 
es cantly different. In the event that a plurality of different 
sets of inks are available, tiie conversion table accord- 
ing to the characteristics of inks shouki be referred to for 
color conversion. 

40 4. Transmission of Conversion Table in tiiis Ennbodiment 

[0066] The following describes transmission of the 
conversion table carried out in this embodiment. In the 
structure of the embodiment, the computer 80 supplies 

45 tiie conversion table to the data converter 10, and the 
data converter 1 0 refers to the conversion table to carry 
out conversion of image data. Fig. 10 is a flowchart 
showing a printing operation using tiie conversion table 
carried out by the computer and the data converter. The 

so left column shows the flow of the processing by the 
computer, and the right column shows the flow of the 
processing by the data converter. 
[0067] When the program starts a printing opera- 
tion, the computer 80 first sets printing conditions (step 

55 S200). The concrete procedure of step S200 gives 
pieces of information regarding the printing resolution of 
tiie printer 20 actually used for printing and the type of 
printing paper to the computer 80. In tiiis embodiment, 
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the operator specifies these conditions on the screen of 
the computer 80. In accordance with one possible mod- 
ification, the operator specifies the printing conditions 
on a setting panel 18 provided in the printer 20. In 
accordance with another possible modification, the 
computer 80 takes in the required pieces of information 
through communications with the printer 20. 
[0068] The computer 80 subsequently selects an 
appropriate conversion table used for color conversion, 
based on the preset printing Information (step S210). A 
number of conversion tables mapped to the various 
printing conditions are stored in the hard disk 84, which 
is incorporated in the computer 80. As described previ- 
ously, the conversion table occupies a large storage 
capacity. The conversion tables are accordingly stored 
in the mass storage hard disk 84. A suitable conversion 
table is read from the hard disk 84 according to the 
requirements, stored in the RAM al3 and used for the 
color conversion. The computer 80 stores a mapping 
table as shown in Rg. 1 1 , in addition to the conversion 
tables. The mapping table registers the pieces of infor- 
mation regarding the printing resolution, the type of 
printing paper, the image attribute as well as the accu- 
racy of the conversion table and the state of compres- 
sion with regard to each conversion table. The computer 
80 refers to this mapping table and selects one suitable 
conversion table corresponding to the printing condi- 
tions. 

[00691 The selected conversion table is transferred 
from the computer 80 to the data converter 10 (step 
S220). In the event that the selected conversion table 
has been compressed or has an accuracy different from 
a predetermined accuracy the conrputer 80 may carry 
out the decoding of the conversion table or the adjust- 
ment of the accuracy of the conversion table before 
transferring the selected conversion table to the data 
converter 10. The compression of the conversion table 
or the lowered accuracy of the conversion table reduces 
the required storage capac'rty for the conversion table. 
When the computer 80 can-ies out the adjustmerrt of the 
accuracy of the conversion table before the output of the 
conversion table to the data converter 10, there is no 
need of storing the conversion tables having the fixed 
accuracy in the hard disk 84. 

[0070] Fig. 1 2 is a flowchart showing the process of 
outputting the conversion table in the case where the 
computer 80 carries out the decoding of the conversion 
table and the adjustment of the accuracy of the conver- 
sion table. The CPU 81 in the computer 80 first deter- 
mines whether or not the selected conversion table has 
been compressed (step S221). The determination of 
step S221 is candied out by referring to the mapping 
table shown in Fig. 11. One modified application writes 
the state of compression in a header section of data and 
the determination of st^ S221 may be performed by 
referring to the header section of data. In the case 
where the conversion table has been compressed, the 
CPU 81 decodes the compressed conversion table 



(step S222) and subsequently determines whether or 
not the accuracy of the conversion table is coincident 
with a predetermined accuracy (step S223). The deter- 
mination of step S223 is also carried out by referring to 

5 the mapping table shown in Fig. 1 1 . In the case where 
the conversion table has a lower accuracy, data are 
interpolated to raise the accuracy of the conversion 
table to the predetermined accuracy (step S224). In the 
case where the conversion table has a higher accuracy, 

to on the other hand, data are skipped to lower the accu- 
racy of the conversion table to the predetermined accu- 
racy (step S225). The use of the high-performance CPU 
81 and the mass storage RAfy^ 83 incorporated in the 
computer 80 ensures the quick decoding and interpola- 
te tion or skipping of data. After the completion of the 
series of the processing, the processed conversion 
table is output to the data converter 10 (step S226). 
[0071] Refen-ing back to the flowchart of Fig. 10, 
when the computer 80 outputs the conversion table 

20 (step S220), the data converter 10 receives and stores 
the conversion table (step 8240). The interface 85 of the 
computer 80 is connected with the input interface 15 of 
the data converter 10 via a serial or parallel communica- 
tion cable. The output conversion table is supplied to the 

25 data converter 10 through the communication cable. 
[0072] In the case where the computer 80 carries 
out the processing including the decoding and interpo- 
lation of the conversion table as shown in Fig. 12, the 
data converter 10 stores the transferred conversion 

30 table into the RAM a13 without any further processing. 
Alternatively the data converter 10 may carry out the 
processing including the decoding and interpolation. In 
the tatter case, the conversion table transferred from the 
computer 80 is in the compressed state and has a 

35 smaller quantity of data, thereby shortening the time 
period required for the transfer of the conversion table. 
In this case, the series of the processing shown in the 
flowchart of Fig. 12 is carried out by the data converter 
10. 

40 [0073] After the data converter 10 has completed 
the Input and storage of the conversion table, the com- 
puter 80 outputs image data of interest to be printed 
(step S230). The image data are also supplied to the 
data converter 10 via the interface 85 of the computer 

45 80, the communication cable, and the input interface 15 
of the data converter 10 and temporarily registered in 
the RAM a13. The data converter 10 refers to the con- 
version table previously transferred, converts the image 
data registered in the RAM a13, and stores the results 

so of the conversion into the RAM b14 (step S250). The 
series of the data conversion process (step S250} has 
already been described with the flowchart of Fig. 4. 
[0074] After the completion of the data conversion 
process, the data converter 10 outputs the data stored 

55 in the RAM b14 to the color printer 20 via the output 
interface 16 (step S260). The color printer 20 creates 
dots of C. M. Y, and K inks on the printing paper accord- 
ing to the input data, thereby giving a resulting printed 
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color image corresponding to the color original. 
[0075] In the embodiment discussed above, the 
conversion table corresponding to an image of Interest 
to be printed is transferred from the computer 80 to the 
data converter 10, and the data converter 10 uses the 
input conversion table to carry out conversion of image 
data. The data converter 10 is accordingly required to 
store at least one conversion table. This arrangement 
desirably saves the storage capacity of the RAM incor- 
porated in the data converter 10, thereby reducing the 
size and the manufacturing cost of the data converter 
10. The data converter 10 receives the conversion table 
corresponding to the preset printing conditions supplied 
from the computer 80. and refers to the conversion table 
for color conversion. This arrangement attains the high- 
quality color printing. 

[0076] In accordance with one modified application, 
the computer 80 stores the printing conditions corre- 
sponding to the conversion table output to the data con- 
verter in the previous cycle of the processing and 
outputs the new conversion table to the data converter 
10 only when the current printing conditions of image 
are different from the stored printing conditions. Fig. 13 
is a flowchart showing the processing in this application. 
The difference from the processing of the embodiment 
shown In the flowchart of Fig. 10 is that the procedure of 
the modified arrangement sets the cun^ent printing con- 
dition (step S200) and subsequently compares the cur- 
rent printing conditions with the previous printing 
conditions stored in the previous cyde tor identification 
(step S270), In tine case where the cun-ent printing con- 
ditions are coincident with the previous printing condi- 
tions, the conversion table that has been referred to in 
the previous cycle of data conversion can be used 
again. The conversion table has already been stored in 
the RAM a13 of the data converter 10. The computer 80 
accordingly does not carry out tiie processing including 
the selection and output of the conversion table but 
starts the output of image data (step S230). In the case 
where the current printing conditions are not coincident 
with the previous printing conditions, on the other hand, 
the conversion table stored in the RAM a13 of tiie data 
converter 10 is not applicable for the current printing 
conditions. The computer 80 thus newly selects an 
appropriate conversion table (step S210). outputs the 
selected conversion table to the data converter 10. and 
stores the current printing conditions into the RAM 83 of 
the computer 80 (step S280). The data converter 10 
stores the newly transferred conversion table Into the 
RAM a13 (step S240) and refers to this conversion table 
to carry out conversion of the image data output from 
the computer 80 (step S260). This arrangement desira- 
bly prevents the corrversion table from being wasteful ly 
output from the computer 80 when tiiere is no require- 
ment of rewriting the conversion table in tiie data con- 
verter 10. 

[0077] A diversity of other techniques may be 
applied to the arrangement of identifying the printing 



conditions and transferring the conversion table to tiie 
data converter 10 only on the required occasions. Rg. 
14 is a flowchart showing one of such available tech- 
niques. In this method, the data converter 10 stores tiie 

5 printing conditions In the previous cycle of the process- 
ing and transmits the previous printing conditions to the 
computer 80 (step S360). The computer 80 compares 
the previous printing conditions transmitted from the 
data converter 10 with the current printing conditions for 

10 identification (step S320). In the case of the non-coinci- 
dence, the computer 80 selects the conversion table 
(step S330) and outputs tiie selected conversion table 
(step S340). In the case where the printing conditions 
transmitted from the data converter 10 are coincident 

75 with the current printing conditions, on the other hand, it 
is thought tiiat tiie appropriate conversion table suitable 
for the current printing conditions have already been 
stored In the RAM a13 of the data converter 10. The 
computer 80 accordingly does not carry out the selec- 

20 tion or output of tiie conversion table but starts the out- 
put of image data to the data converter 10 (step S350). 
This arrangement desirably causes the conversion table 
to be transmitted from the computer 80 only when it is 
required to change tiie conversion table stored in tiie 

25 data converter 10. In the technique of this modified 
application, tiie printing conditions are stored in the data 
converter 10. The computer 80 receives the stored 
printing conditions and determines the requirement of 
the transmission of a new conversion table. When tiie 

30 data converter 10 connected to the computer 80 is 
replaced by anotfier data converter after the printing 
operation of a certain image, this arrangement ensures 
the correct determination of the requirement of the 
transmission of a new conversion table in the process of 

35 printing a next Image. 

[0078] The technique shown in Fig. 15 may also be 
applied to determine the requirement of the output of 
tiie conversion table. After setting the current printing 
conditions (step S500), the computer 80 transmits the 

40 current printing conditions to the data converter 1 0 (step 
S510). The data converter 10 compares the transmitted 
printing conditions with the previously stored printing 
conditions for identification (step S570). In the case 
where these conditions are not coincident with each 

46 other, the data converter 1 0 requires the computer 80 to 
output a new conversion table (step S580). In the case 
where these conditions are coincident with each otiier, 
the data converter 10 can perform the data conversion 
by refenrlng to the conversion table stored in the RAM 

so a13 of the data converter 10. The data converter 10 
accordingly does not perform the processing including 
the requirement of the output of the new conversion 
table but starts the data conversion process. In 
response to the requirement of the output of the new 

55 conversion table from the data converter 10 (step 
S520). tiie computer 80 selects an appropriate conver- 
sion table corresponding to the current printing condi- 
tions (step S530) and outputs the selected conversion 
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table to the data converter 10 (step S540). When there 
is no requirement of the output of the new conversion 
table, on the other hand, the computer 80 does not carry 
out the processing including the selection and output of 
the conversion table but immediately starts the output of 
image data (step S550). This arrangement also causes 
the conversion table to be transmitted only when it is 
required to change the conversion table stored in the 
data converter 10. 

[0079] When the computer 80 is capable of analyz- 
ing an image of Interest to be printed and specifies the 
image attribute, the conversion table is selectively used 
according to the Image attribute as discussed below. 
Fig. 16 is a flowchart showing a printing operation exe- 
cuted by the computer and the data converter in this 
application. A diversity of conversion tables mapped to 
the respective combinations of the printing resolution of 
the printing apparatus, the type of printing paper, and 
the image attribute of the image to be printed are stored 
in advance in the hard disk 84 of the computer 80. After 
setting the printing conditions of image (step 3700), the 
computer 80 selects a plurality of conversion tables hav- 
ing differertt image attributes according to the printing 
resolution and the type of printing paper among the 
diversity of the stored conversion tables (step S710) 
and outputs all the selected conversion tables to the 
data converter 10 (step S720). The data converter 10 
receives the selected conversion tables and stores 
them into the RAM a13 (step S740). The computer sub- 
sequently analyzes image data of interest to be printed, 
specifies the image attribute with regard to each pixel, 
and outputs the specified image attributes in addition to 
the image data to the data converter 10 (step S730). 
The data converter 1 0 changes over the working con- 
version table to be referred to in the unit of pixel, which 
is selected among the plurality of conversion tables 
stored in the RAM a13. based on the specified image 
attribute (step S75C). This arrangement preferably ena- 
bles the data conversion to be carried out by referring to 
the appropriate conversion table according to the image 
attribute 

[0080] There is a tendency that the respective 
image attributes do not appear at random in one image 
but an identical image attribute appears in somewhat 
continuous manner. One preferable procedure does not 
select the working conversion table for data conversion 
according to the image attribute with regand to each 
pixel but detects the variation in image attribute. In 
response to the variation In image attribute, the working 
conversion table to be referred to is selected. This 
arrangement desirably attains the quicker data conver- 
sion. 

[0081] In the embodiment and its modified applica- 
tions discussed above, the image data are transmitted 
from the conputer 80 to the data converter 10. The 
device of supplying Image data is. however, not 
restricted to the computer. For example, image data 
may be supplied from any of various imaging devices. 



such as a digital camera 22. a color scanner 24, a film 
scanner 28, and a video printer 26 shown in Fig. 17, to 
the data converter 10. The data converter 10 then con- 
verts the image data into a specific data form printable 

5 by the prirrter 20, In this application, a plurality of con- 
version tables are stored in the RAM a13 or the ROM 12 
of the data converter 10. The CPU 11 in the data con- 
verter 10 selects an appropriate conversion table corre- 
sponding to the printing conditions. The printing 

10 conditions may be supplied from the imaging device to 
the data converter 10 prior to the supply of image data. 
In accordance with another preferable application, the 
operator previously sets the printing conditions on the 
setting panel 18, and the CPU 1 1 selects the appropri- 

15 ate conversion table corresponding to the preset print- 
ing conditions. The CPU 11 refers to the selected 
corrversion table, converts the supplied image data into 
the printable data form, and outputs the converted 
image data to the printer 20. This arrangement prefera- 

so bie enables an image shot by the imaging device, for 
example, the digital camera 22. to be printed by the 
printer 20 without using the computer 80. 
[0082] In the case where the data converter 10 
does not store the appropriate conversion table, the 

25 computer 80. in place of the imaging device, may be 
connected to the data converter 10 and overwrite the 
contents of storage in the RAM a13 of the. data con- 
verter 10 with one or a plurality of conversion tables 
selected among the conversion tables stored in the hard 

30 disk 84 of the computer 80. The operation of selecting 
the conversion tables among those stored in the hard 
disk 84 and writing the selected conversion tables into 
the RAM a13 of the data converter 10 is readily imple- 
mented by the function of the operating system running 

35 on the computer 80. This arrangement enables the con- 
version tables to be read from the computer 80 accord- 
ing to the requirements, and thus desirably saves the 
storage capacity of the data converter 10. 
[0083] Another preferable procedure stores a 

40 standard conversion table in the data converter 1 0 and. 
in the case where the appropriate conversion table is 
not present in either RAM a13 or the ROM 12, refers to 
the standard conversion table for the data conversion. 
Fig. 18 is a flowchart showing an operation of the data 

45 converter in the case of converting image data input 
from, for example, the digital camera 22. The operator 
first specifies the printing conditions on the setting panel 
18 of the data converter 10 (step S800). The CPU 1 1 
determines whether or not the conversion table corre- 

50 spending to the specified printing conditions is stored in 
either the RAM a13 or the ROM 12 (step S810). When 
the corre^onding conversion table is present, the CPU 
11 selects the conresponding conversion table (step 
S820). When the corresponding conversion table is not 

55 present, on the other harri, the CPU 11 selects the 
standard conversion table stored in the ROM 12 (step 
S830). The CPU 11 refers to the selected conversion 
table, so as to convert the data form of the image data 
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supplied from the imaging device (step S840) and out- 
puts the converted image data to the printer 20 (step 
S850). The use of the appropriately selected standard 
conversion table ensures the fairly satisfactory image 
printing even when the corresponding conversion table 
is not present. In the example of Fig. 18, the data con- 
verter 10 receives the image data from the imaging 
device. The technique is, however, not restricted to this 
arrangement, but may be applicable to the arrangement 
of receiving the image data from the computer 80. 
[0084] The present invention is not restricted to the 
above embodiment or its modifications* but ttiere may 
be many other modifications, changes, and alterations 
without departing from the scope or spirit of the main 
characteristics of the present invention. In the above 
embodiment and its modified examples, the data con- 
verter 10 is constructed as a visually separate body 
from the computer 80 and the printer 20. It is, however, 
not necessary that the data converter 10 is a visually 
separate body. For example, the respective functions of 
the data converter 1 0 may be incorporated in an exten- 
sion board or an extension card, which is inserted in an 
extension slot of the computer 80 or the printer (see Fig. 
19). In these examples, the data converter 10 is visually 
integrated with the computer or the printer. 

Industrial Applicabilitv 

[0085] As described above, the technique adopted 
In the data converter, the computer, and the printing 
apparatus of the present invention enables an appropri- 
ate conversion table corresponding to the printing con- 
ditions of a color image to be read from the computer 
and used for data conversion. This arrangement ena- 
bles adequate data conversion and attains high-quality 
color image printing, regardless of the printing condi- 
tions of the color image. 

Claims 

1. A data converter that converts color image data 
input from a corrputer Into a specific data form 
expressible with ink provided in a printing apparatus 
by referring to a preset conversion table and out- 
puts the converted image data. 

said data converter comprising: 
a storage unit that stores the conversion table 
in a rewritable manner, the conversion table 
being supplied from said computer correspond- 
ing to a current printing condition of Image in 
said printing apparatus; 
an input unit that receives the color image data 
output from said computer: 
a conversion unit that refers to the conversion 
table stored in said storage unit and converts 
the color image data received by said Input unit 
into the specific data form; and 



an output unit that outputs the converted image 
data. 

said data converter being constructed as a 
separate body from said computer. 

5 

2. A data converter in accordance with claim 1. said 
data converter further comprising: 

a decoder unit that receives the conversion 
10 table compressed in advance by and supplied 

from said computer and decodes the com- 
pressed conversion table to be expanded in 
said storage unit 

75 3. A data converter in accordance with claim 1, said 
data converter further comprising: 

an interpolation unit that interpolates the con- 
version table supplied from said computer to a 
20 predetermined accuracy and expands the 

Interpolated conversion table In said storage 
unit. 

4. A data converter In accordance with claim 1, 
25 wherein said input unit receives a current printing 
condition of image in said printing apparatus, in 
addition to the color image data, and comprises a 
unit that when the input printing condition received 
by said input unit is not coinddent with a printing 
30 condition con-esponding to the conversion table 
stored in said storage unit, receives another con- 
version table corresponding to the input printing 
condition from said computer. 

35 5. A data converter in accordance with claim 1, 
wherein said input unit receives an image attribute, 
which represents whether or not a currently proc- 
essed image is a natural Image, from said compu- 
ter, in addition to the color image data. 

40 

said storage unit stores a plurality of conver- 
sion tables having different Image attributes, 
the plurality of conversion tables being selected 
by said computer at least based on combina- 

45 tions of a printing resolution of said printing 

apparatus and a type of printing paper and sup- 
plied from said computer, and 
said conversion unit changes over a working 
conversion table to be referred to for the con- 

50 version of the color image data in a unit of pixel 

and carries out the conversion of the color 
image data, the working conversion table being 
selected among the plurality of conversion 
tables stored In said storage unit based on the 

55 Image attribute received by said input unit. 

6. A computer that supplies color image data to a data 
converter, said data converter converting the color 
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image data into a specific data form expressible 
with ink provided in a printing apparatus by referring 
to a preset conversion table, and outputting the 
converted image data, said computer comprising: 

5 

an image data output unit that outputs the color 
image data to said data converter; 
a conversion table storage unit that stores a 
diversity of the conversion tables mapped to a 
diversity of printing conditions of image; io 
a conversion table selection unit that selects a 
working conversion table corresponding to a 
current printing condition of image in said print- 
ing apparatus, among the diversity of conver- 
sion tables stored in said conversion table is 
storage unit; and 

a conversion table output unit that outputs the 
selected conversion table to said data con- 
verter, prior to the conversion of the color 
image data. 20 
wherein said computer is constructed as a sep- 
arate body from said data converter. 

7. A computer in accordance with claim 6. wherein 
said conversion table storage unit stores the diver- 2s 
sity of conversion tables in a compressive manner, 
and 

said conversion table output unit decodes the 
compressed conversion table selected by said 30 
conversion table selection unit and outputs the 
decoded conversion table to said data con- 
verter. 

8. A computer in accordance with claim 6, said com- 35 
puter further comprising: 

a conversion table interpolation unit that inter- 
polates the working conversion table selected 
by said conversion table selection unit to a pre- 40 
determined accuracy, 

wherein said conversion table output unit out- 
puts the conversion table interpolated by said 
conversion table interpolation unit. 

45 

9. A computer in accordance with claim 6. wherein 

said conversion table selection unit selects the 
working conversion table, at least based on a com- 
bination of a printing resolution of said printing 
apparatus arxii a type of printing paper. so 

10. A computer in accordance with claim 6. said com- 
puter further comprising: 

a condition storage unit that stores a printing ss 
condition corresponding to the latest conver- 
sion table output to said data converter; and 
an identification unit that compares the current 



printing condition of image in said printing 
apparatus with the printing condition stored in 
said condition storage unit in order to carry out 
identification. 

wherein said conversion table output unit out- 
puts the selected conversion table and updates 
the prirtting condition stored in said condition 
storage unit, when said Identification unit deter- 
mines that the two printing conditions are not 
coincident with each other. 

11. A computer In accordance with claim 6. said com- 
puter further comprising: 

an image attrbute generation unit that gener- 
ates an image attribute, which represents 
whether or not a currently processed image to 
be printed is a natural image, 
wherein said conversion table storage unit 
stores the diversity of conversion tables 
mapped to respective combinations of condi- 
tions, which include at least a printing resolu- 
tion of said printing apparatus, a type of printing 
paper, and the image attribute, 
said conversion table selection unit selects a 
plurality of conversion tables having different 
image attributes, at least based on combina- 
tions of tile printing resolution of said printing 
apparatus and the type of printing paper, 
said conversion table output unit outputs the 
plurality of selected conversion tables, and 
said image data output unit outputs the image 
attribute in addition to the color image- data, 
and comprises a unit tiiat changes over a work- 
ing conversion table, which is referred to by 
said data converter for the data conversion, in a 
unit of pixel based on the image attribute. 

12. A data converter that converts color image data 
input from an imaging device, such as a digital cam- 
era or a color scanner, into a specific data form 
expressible with ink provided in a printing a|:paratus 
by referring to a preset conversion table and out- 
puts the converted image data, 

said data converter comprising: 

a conversion table storage unit that stores a 

diversity of the conversion tables mapped to a 

diversity of printing conditions of image; 

a conversion table selection unit that selects a 

working conversion table con^esponding to a 

current printing condition of image, among the 

diversity of converaon tables stored in said 

conversion table selection unit; 

an input unit that receives tiie color image data: 

a conversion unit tiiat converts the color intage 

data received by sad input unit by referring to 

the working conversion table selected by said 
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conversion table selection unit; and 

an output unit that outputs the converted image 

data, 

wherein said data converter is constructed as a 
separate body from said imaging device. s 

13. A data converter in accordance with claim 12, 
wherein said conversion table storage unit is a 
rewritable storage unit, and comprises 

10 

a rewrite unit that rewrites the contents of stor- 
age in said conversion table storage unit 
based on a conversion table transferred from 
said imaging device. 

15 

14. A data converter in accordance with claim 13, said 
data converter further comprising: 

a rewrite unit that communicates with a compu- 
ter, which is constructed as a separate body so 
from said data converter, to receive a conver- 
sion table transfen^ed from said computer, and 
rewrites the contents of storage in said conver- 
sion table storage unit based on the transferred 
conversion table. 25 

15. A data converter in accordance with claim 12. said 
data converter further comprising: 

a standard storage unit that stores a standard 30 
conversion table in advance, 
wherein said conversion unit refers to the 
standard conversion table stored in said stand- 
ard storage unit and converts the color image 
data when the conversion table corresponding 35 
to the current printing condition of image is not 
present in the diversity of the conversion tables 
stored in said conversion table storage unit 

16. A printing system comprising: 4o 

a data converter in accordance with either one 
of claims 1 and 12; and 
a printing apparatus that receives Image data 
having a specific data form converted by said 45 
data converter and prints an image corre- 
sponding to the input image data, 
wherein said data converter is constructed inte- 
grally with said printing apparatus. 

50 

17. A method of converting color image data output 
from a computer into a specific data form expressi- 
ble with ink provided in a printing apparatus by 
referring to a preset conversion table, and output- 
ting the converted image data, said method com- ss 
prising the steps of: 

selecting a conversion table corresponding to a 



current printing condition of image among a 
diversity of conversion tables stored in advance 
in said computer; 

storing the selected conversion table in a rewri- 
table manner in a data converter, which is pro- 
vided separately from said computer; and 
referring to the stored conversion table, so as 
to convert the image data supplied from said 
computer. 
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Fig. 13 
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Fig. 14 
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